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FOREWORD 

This  publication  was  prepared,  under  contract 
by  the  UNITED  STATES  JOINT  PUBLICATIONS  RE¬ 
SEARCH  SERVICE,  a  federal  government  organi¬ 
zation  established  to  service  the  translation 
and  research  needs  of  the  various  government 
departments. 
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ANALYSIS  OP  RARE  AND  SEMICONDUCTOR  ELEMENTS 
-  USSR  - 


/Following  is  a  translation  of  an  article  by  M.  P.  Volvnets 
in  Vestoj^_Akademii  Nauk  SSSR  (Bulletin  of  ?he Ao  Jem^T 
Sciences  USSR/,  Vol.  XXX,  No  3,  Moscow  i960,  pages  101-103./ 


a  simi-?LS+S^  Session  of  the  Communist  Party  of  the  Soviet  Union  planned 

heJtSes^sSnt St  ^  Pr°d,Ktl°n  of  ra«  semiconauctS  S., 

new  technoS^.  MSaToSSSSSS'  “?  °fef  mat6rials  squired  by  the 
of  these  materials  nlav  ^ V  ?  nCOntro1  at  a11  staSes  of  production 
Taking  this  into"  fif.L  J+  +™P°r'tan't  r°le  in  the  resolution  of  this  problem. 
USSR  the  State  qb^n+V  ^  ^osplan  (State  Planning  Commission)  of  the 

oj  lie ra®?  Si  tlTufsn°:^T1CSi  lTitUe  °f  the  Co“<:11  °f  Ministers 
rare  anfl  00/0-™  a  +  Academy  of  Sciences  organized  a  conference  for 

ber  1959.  11  UC  °r  elements  which  took  Place  in  Moscow  from  7-11  Decern- 

tlon  and'crystalllzatlnSn?5  f°&+  the  detailed  consideration,  systematiza 

of  resei-S  5  tte  SS?SterS  T****?™  COBplled  ln  this  fleld 

of  higher  leaning  inf  StoSL  S "*reh  ***1™*',  institutes 
tlves  from  285  organizations  and  lab?ratordes-  About  a  thousand  representa- 
of  the  conferencJ  onf  b™e  811681:3  ^ticipated  in  the  work 

analysis  of  Pfty  reports  axs“toed  the  methods  of 

c-r.  v  a  semiconductor  elements:  Li.  Rb.  Cs  Be  m  r-o  -m 

’  ’  SSf“’  T1' zr'  ». ». X »,  *;  £;  X;  L: 

„  Resented  befoie  plenary  sessions  were  the  renorts  of  A  p 

and  ofaN?Vp?°SazhinnfoncerningSthf  COnditions  for  ^Purities  in  pure  metals, 
to  the  degree  of  puritv  n?  ™  ?  the  requirements  of  industry  with  respect 
the  development  of  f  materials*  In  these  reports  it  was  noted  that 

broafuLT^rfmetll^hosr  technology  has  specified  the 

Although  in  1941  methods  fo?  the  deSSU-  +-f°r  £Urity  steadfastlY  increase, 
completely  a-centable  I  !  ^termination  of  impurities  in  metals  were 

•Especiall^stringent'^demand^for^h^purit^of ^metals_are  ^  ^ 

“S0tOTddeVlCeS  <6l6“8^  ^cW^Taf^™ 

«  are  hatful  even  in  Lou“  s'SfTf S-7  flTlO-^ofth  ^  A%°U’  “d 
energetics  materials  are  required  in  which  the  allowfhe  conte“SSities 
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is  not  in  excess  of  1  x  10“ 9  -lx  10"10$.  In  this  connection  analysts 
are  faced  with  exceptionally  complex  tasks,  related  to  the  development 
of  especially  sensitive  methods  of  analysis  of  pure  products,  reagents 
and  various  materials  used  in  technological  processes. 

I.  P.  Alimarin  shed  light  on  prospects  for  increasing  the  sensi¬ 
tivity  and  accuracy  of  analytical  methods.  He  noted  that  progress  in  the 
analytical  chemistry  of  rare  elements  and  the  possibility  of  detecting 
impurities  in  them  of  less  than  1  x  10"°$  is  tightly  hound  to  the  employ¬ 
ment  of  new  instrumental  methods  of  analysis.  Feasible  means  of  increas¬ 
ing  the  sensitivity  of  analytical  methods  (widely  adopted  as  well  as  new) 
were  outlined  in  detail  in  the  report.  Along  with  chemical  methods  of 
concentration  of  microimpurities,  considerable  attention  must  be  allotted 
to  physical  methods  of  enrichment,  in  particular  vaporization  and  sublima¬ 
tion  at  high  temperatures  in  a  vacuum  and  zone  melting.  Radioactive 
isotopes  can  be  effectively  employed  in  the  control  of  the  enriching 
process.  R.  L.  Globus  surveyed  the  present  state  and  prospects  of  devel¬ 
opment  in  the  chemical  reagents  industry. 

In  separate  sessions  devoted  to  questions  touching  upon  the  ana¬ 
lytical  chemistry  of  the  individual  rare  and  semiconductor  elements,  lead¬ 
ing  specialists  in  the  given  field  came  forth  with  summary  reports  (D.  I. 
Ryabchikov,  I.  P.  Alimarin,  V.  A.  Nazarenko,  N.  S.  Poluektov,  A.  I.  Busev, 

V.  L.  Zolotavin  et  al.)  The  materials  brought  to  light  in  these  reports 
were  crystallized  and  complemented  by  short  reports  and  presentations 
dedicated  to  the  detection  of  rare  elements  in  ores,  tailings,  raw  stocks 
and  other  products,  and  to  the  quantitative  determination  of  various 
impurities  in  metals  of  high  purity.  In  these  presentations  were  outlined 
methods  of  spectroscopy,  x-ray  spectroscopy,  flame -photometry,  photometry, 
polarography,  potent iome try,  chromatography,  radio-activity,  and  others. 

The  conference  indicated  the  need  for  the  perfection  of  highly  sensi¬ 
tive,  selective,  rapid  and  simple  methods  of  analysis,  which  would  permit, 
the  detection  of  impurity  in  amounts  of  from  10"^  to  10"°$.  As  most  promis¬ 
ing  methods,  according  to  the  opinion  of  the  conference,  it  is  expedient 
to  recommend  the  development  of  fluorescent,  chemiluminescent,  catalytic, 
and  radio-active  methods.  (We  must)  expediently  and  in  the  future  develop 
photometric  methods,  methods  of  flame  photometry,  emission  spectrum,  and 
x-ray  spectrum  analysis,  isotopic  dilution  analysis  and  ultramicro- analysis. 
Of  the  number  of  methods  employed  in  preliminary  concentration,  those  used 
most  successfully  are  co- precipitation,  extraction,  chromatography,  ion 
exchange,  electrolysis,  sublimation  and  vaporization,  and  also  zone  melting. 

In  the  sessions  of  the  sections  on  physical  and  chemical  methods  of 
analysis  general  questions  concerning  instrumental  means  were  studied. 

Along  with  a  clarification  of  achievements  in  the  field  of  physical  methods 
introduced  into  practice  in  most  recent  years  feasibilities  for  the  employ¬ 
ment  of  methods  not  yet  adopted  or  of  small  abundance  in  analytical  chemistry 
were  considered.  To  their  number  belong  the  methods  of  nuclear  and  para¬ 
magnetic  resonance,  the  method  of  mass  spectrometry,  and  gamma  spectrometry 
(No  M.  Pomerantsev,  M.  S.  Chupakhin,  and  I.  IC.  Zadorozhnyy,  V.  I.  Baranov 
and  co-workers).  A  special  survey  was  devoted  to  the  present  state  of 
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x-ray  spectrum  analysis  and  the  means  of  its  adaptation  in  the  field  of 
the  analysis  of  x-ray  absorption  spectra  (E.  Ye.  Vaynshteyn).  Methods 
were  outlined  in  the  report  for  x-ray  fluorescent  analysis,  analysis  of 
microvolumes  of  a  substance,  and  the  use  of  the  fine  structure  of  spectra 
for  studying  the  physical  state  of  atoms  in  condensed  media. 

In  the  examination  of  new  methods  of  spectral  analysis  of  raw 
minerals  and  materials  of  high  purity  it  was  indicated  (A0  K,  Rusanov  and 
V.  V.  Nedler),  that  the  creation  of  more  refined  excitation  sources  for 
spectra  is  one  of  the  most  promising  directions.  In  efficient  combination 
with  methods  for  preliminary  physical  and  chemical  concentration  this 
direction  allows  an  increase  in  sensitivity  in  the  very  near  future  of  a 
minimum  of  one  to  two  orders,  and  an  increase  of  considerable  measure  in 
the  accuracy  and  rapidity  of  spectral  determinations. 

As  A.  N.  Frumkin  emphasized  in  his  introductory  remarks,  the  most 
successfully  exploitable  directions  for  electrochemical  analysis  are  in 
the  use  of  polarographic  maxima,  solid  electrodes  and  other  devices.  The 
present  state  and  prospects  for  the  adaptation  of  the  newer  electrochemical 
methods  of  analysis  were  the  subject  of  a  special  report  (0.  L.  Kabanov). 

In  this  section  were  elucidated  the  most  promising  methods  of  electrochemical 
analysis:  preparatory  enrichment  in  mercury  drop  electrode  (S.  I.  Sinyakova 
and  co-workers),  oscillographic  polarography  (Ya.  P.  Gokhshtejn),  alternat¬ 
ing  current  polarography  (S.  B,  Tsfasman  and  B.  Ya.  Kaplan),  amperometric 
methods  (Yu.  I.  Usatenko)  and  other  methods. 

The  critical  examination  of  all  the  material  for  the  purpose  of 
choosing  the  most  rewarding  methods  of  analysis  of  the  rare  and  semiconduc¬ 
tor  elements  appeared  to  be  a  long  pressing  problem,  as  was  noted  in  the 
conference.  The  necessity  of  publishing  a  guidebook  in  the  near  future 
on  the  employment  of  better  methods  was  recognized. 


